Activation of NADPH oxidase in human neutrophils permeabilized with Staphylococcus aureus alpha-toxin. A lower Km when the enzyme is activated in situ.
The NADPH oxidase is a multicomponent enzyme system that produces the reduced oxygen species essential for bacterial killing by polymorphonuclear leukocytes (PMN). Study of the oxidase has typically been carried out in cell-free systems in which Km values of 20-150 microM NADPH have been reported. However, when compared with affinities reported for other flavoprotein dehydrogenases and when considering the cellular concentration of NADPH/NADP+ of approximately 35 microM, the reported affinity of the oxidase for NADPH appears low. To investigate this apparent discrepancy we have studied the kinetics of NADPH oxidase activation in situ in human PMN permeabilized with Staphylococcus aureus alpha-toxin. alpha-Toxin permeabilization of human PMN did not initiate NADPH oxidase activation at physiologic concentrations of NADPH. If permeabilized cells were stimulated with 1 microM formyl-methionyl-leucyl-phenylalanine, 10 microM guanosine 5'-O-(3-thiotriphosphate), 0.5 mM Ca2+, 5 micrograms/ml cytochalasin B in the presence of varying concentrations of NADPH, we were able to demonstrate activation of the oxidase complex as shown by superoxide dismutase-inhibitable reduction of cytochrome c. In this system we determined that the Km for oxidase activation was 4-7 microM NADPH, a 4-10-fold decrease from reported values. The oxidase was the enzyme being studied as shown by the absence of enzymatic activity in patients with chronic granulomatous disease. In addition, if the enzyme was initially activated in permeabilized cells, the cells homogenized, and the Km for the oxidase determined in a cell-free system, the observed Km reverted to previously reported values (36 microM). These results indicate that NADPH oxidase, studied in situ, has a significantly higher substrate affinity than that observed in isolated membranes and, moreover, indicate that substrate affinity is optimal for catalysis at reported concentrations of cytosolic NADPH.